The historical focus of Penicillium taxonomy on strains isolated from food, soil and the indoor environment is understandable given the importance of these fungi as spoilage agents, producers of potent mycotoxins, and sources of valuable antibiotics. Much of the expansion of the number of species in Penicillium and its sister genus Talaromyces can be traced to the antibiotic revolution and the ease with which soil could be collected by travellers and used to isolate new strains upon return to the laboratory. This practise, however, obscured how Penicillium species might actually function in nature. It was easy to assume that most species are generalists found wherever we care to make isolations.
In this paper, 15 species are described that originated from several studies in three Canadian laboratories over the past 20 years, which are now recognised as novel taxa because of the more complete reference data. Three species were isolated from soil of termite mounds selectively eaten by chimpanzees (Pan troglodytes) in the Mahale Mountains and Gombe areas of Tanzania (Ketch 1998) . Thirty-one genera were identified from these termitarium soils and surrounding control soils. The most commonly isolated genus was Penicillium with over 42 species recovered, the most common of which was Penicillium citrinum. Clark (2002) isolated microfungi from the infrabuccal pockets of carpenter ants, especially Camponotus pennsylvaticus. These sac-like organs in the mouths of ants filter solids from their liquid foods to be expelled later, and thus capture fungal material collected during feeding and grooming. About 60 strains of Penicillium were isolated from extracted infrabuccal masses from ants collected in New Brunswick (Canada), Germany and the Netherlands, representing six morphospecies; three are described as new species here. A US National Science Founda tion Microbial Observatory study of caterpillar intestines from Costa Rica previously yielded two undescribed species, P. mallochii and P. guanacastense that clearly were significant components of that niche, along with P. citrinum (Rivera et al. 2012 ). An additional new species, represented as a single strain among the 88 isolated, is described here. Other new species described in this paper were isolated from leaf surfaces of tropical plants, nuts in temperate hardwood forests, peat bogs and soil remote from agricultural regions.
Extrolite profiling brought a new dimension to Penicillium taxonomy about 25 years ago ), accompanied by a hypothesis that different isolates of a single species should produce a consistent profile of core extrolites. With the availability of a new generation of LC-MS-MS technology, we generated extrolite profiles for all the new species described in this paper. Although reports are unavailable for the metabolites produced by many species related to our new taxa, these observations will be useful for future comparative chemotaxonomic studies. 
Fifteen new species of Penicillium

MATERIALS And METHodS
Strains
Cultures were isolated either by direct or dilution plating from various substrates or niches as indicated in the species descriptions, usually on 2 % malt extract agar with antibacterial antibiotics. Strains were recovered from the working collections of Keith Seifert (Agriculture and Agri-Food Canada, Ottawa) and David Malloch (formerly University of Toronto), the latter now maintained in the Seifert laboratory. Ex-type and other representative strains were deposited into the Canadian Collection of Fungal Cultures (DAOMC) and the CBS-KNAW Fungal Biodiversity Centre (CBS) in the Netherlands.
Morphology
Colony characters were recorded from various media incubated for 7 d, including Czapek yeast autolysate agar (CYA), Blakeslee's (1915) malt extract agar (MEAbl), yeast extract sucrose agar (YES), oatmeal agar (OA) and creatine sucrose agar (CREA). Bacto TM malt extract was used for MEAbl preparation. Media preparations, inoculations, incubation conditions and microscopic preparations followed the recommendations by Visagie et al. (2014b) . Colour names and codes used in descriptions are from Kornerup & Wanscher (1967) . Microscopic observations were made on an Olympus SZX12 dissecting microscope and Olympus BX50 compound microscope equipped with Infinity3 and InfinityX cameras driven by Infinity Analyze v. 6.5.1 software (Lumenera Corp., Ottawa, Canada).
DNA extraction, sequencing and phylogenetic analysis
Strains were grown on MEAbl for 7 d and DNA extracted using the Ultraclean TM Microbial DNA isolation Kit (MoBio Laboratories Inc., Solana Beach, USA). ITS barcodes (Schoch et al. 2012) , partial β-tubulin (BenA) and partial calmodulin (CaM) genes were amplified using the Illustra pureTaq Ready-To-Go TM PCR Beads (GE Healthcare Life Sciences) with conditions and primers as suggested in Visagie et al. (2014b) . Sequencing reactions were set up with the same primer pairs and the Big Dye Terminator Cycle Premix Kit with products run on the ABI PRISM TM 310 DNA automated sequencer (Applied Biosystems, Waltham, USA). Contigs were assembled and edited in Geneious v. 8.1.5 (BioMatters Ltd., Auckland, New Zealand).
Newly generated sequences were submitted to GenBank under accession numbers KT887760 -KT887876.
Gene sequences of the new species were compared with a reference sequence dataset (Visagie et al. 2014b) , with phylogenies calculated for the relevant taxonomic sections in the system of Houbraken & Samson (2011) . Datasets were aligned using MAFFT v. 7.221 (Katoh & Standley 2013) , with the L-INS-i algorithm selected for ITS and G-INS-i for BenA and CaM. Aligned datasets were adjusted and trimmed manually in Geneious. Datasets were subsequently analysed using Maximum Parsimony (MP) and Bayesian tree Inference (BI). MP heuristic searches were performed in PAUP v. 4.0b10 (Swofford 2003) . BI analyses were run in MrBayes v. 3.2.5 (Ronquist & Huelsenbeck 2003) . Model selections were made using MrModeltest v. 2.3 (Nylander et al. 2004 ) based on the lowest Akaike information criterion (AIC) value. Aligned datasets with the respective command blocks for MP and BI were uploaded onto TreeBASE (www.treebase.org) with accession no. S18638. Trees were prepared for publication in Adobe Illustrator CS6.
Extrolites
For extrolite analyses, all strains were grown in 9 cm polystyrene Petri dishes on YES (Frisvad 1981 ) and CYA (Pitt 1980 ) incubated at 25 °C for 14 d. Strains were also grown in 200 mL of CYA broth incubated at 25 °C for 14 d. Extrolites were extracted from the agar plates using an established method (Bragulat et al. 2001 ) with some modifications. Three agar plugs from each fungal isolate were removed with a sterilised 7 mm cork borer and placed in a 7 mL glass scintillation vial containing 1.5 mL of 75 % methanol in water. The vials were vortexed for 30 s and sonicated at room temperature for 30 min. The extrolites in CYA broth media were extracted using 2× 150 mL ethyl acetate, combined, dried and reconstituted in 1 mL of methanol. The solutions were filtered into 1.5 mL amber HPLC glass vials using 0.45 μm syringe filters. All extracts were analysed in both positive and negative ionization modes on a Thermo Q-Exactive Orbitrap coupled to an Agilent 1290 HPLC. Extrolites were identified by comparison with authentic standards when possible. When standards were unavailable, compounds were putatively identified by screening the highresolution/accurate mass m/z signals with AntiBase2013 and comparing product ions observed with those published in the literature. 
RESuLTS
Morphology
We introduce 15 new species in the Taxonomy section below. These species belong to sections Aspergilloides, Canescentia, Charlesia, Exilicaulis, Lanata-Divaricata and Stolkia based on the phylogenetic analyses. Strains conformed to the general morphological characters previously observed for species accepted in these sections. All of the new species were compared with respective close relatives, with notes provided on distinguishing characters after each species description in the taxonomy section.
Phylogeny
A local BLAST search placed the new species into sections Aspergilloides, Canescentia, Charlesia, Exilicaulis, Lanata-Divaricata and Stolkia. Phylogenies of each section were prepa red for the ITS region, BenA and CaM genes, as well as a concatenation of the three. Phylogenies are presented in Fig. 1-8 . The length, number of parsimony informative and uninformative sites, and substitution models (for BI) for each dataset are summarised in Table 1 . Tree topologies did not differ between MP and BI analyses and MP trees were thus used for representing results, with BI posterior probability values marked on relevant branches. The exception was the concatenated dataset for section Aspergilloides, where P. longicatenatum was resolved in an unsupported clade with ML (Fig 2, indicated by red branch), whilst in the BI tree the latter two were resolved in a well-supported clade with the P. glabrum and P. thomii clades, with P. longicatenatum a distant relative to this main clade.
Section Aspergilloides - Fig. 1, 2 Houbraken et al. (2014) reviewed section Aspergilloides and divided it into 12 clades. All of our phylogenies show that P. improvisum strains comprise a well-supported 13th clade. The new species can easily be identified using the ITS barcode, with BenA and CaM also distinguishing the species.
Section Canescentia - Fig. 3 Two new species belong to section Canescentia. Penicillium corvianum is resolved in a distinct clade closely rela ted to species of the P. canescens and P. janczewskii clades, while P. nucicola is distinct from all other species. The ITS barcode has poor discriminatory power in the section. BenA easily distinguishes the new species, but cannot reliably distinguish among P. radiatolobatum and P. murcianum strains. In the strict sense, current data assessed with the Genealogical Concordance Phylogenetic Species Recognition (GCPSR) concept, suggests that these two represent synonyms and P. radiatolobatum (Publ. Soc. Nat. Rom. Pent. Stiinta Sol. 10B: 435, 1971 ) an older name than P. murcianum (Mycopathologia 74: 37, 1981) .
Sections Charlesia and Stolkia - Fig. 4 A new species is introduced in section Charlesia, where species are phylogenetically diverse enough for ITS to result in a positive identification. Phylogenies show the distinct identity of P. charlesii and P. fellutanum, with P. multicolor (CBS 501.73) and P. ebenbitarianum (CBS 415.69) confirmed as synonyms of the latter. The single strain of P. costaricense forms a branch distantly related to all other species of section Charlesia.
Section Stolkia is a small section of rather rare species. As with section Charlesia, the ITS barcode can distinguish between the six species and P. alogum described here. The concatenated phylogeny resolves P. alogum as a close relative of P. stolkiae and P. subarcticum. Section Exilicaulis - Fig. 5, 6 Three new species are introduced in section Exilicaulis. Sequence datasets contain some undescribed species from the fynbos, South Africa (in grey, Visagie et al. 2016b) . ITS generally has poor resolution in this section. Of the new species, P. diabolicalicense and P. aotearoae share identical sequences with previously known species, whereas P. fundyense has a unique ITS sequence. The BenA and CaM genes distinguish the new species from its close relatives. Penicillium fundyense sits in a clade with P. cinerascens, P. citreonigrum and P. citreosulfuratum (= P. toxicarium fide Serra et al. 2008) , recently reviewed in Visagie et al. (2016b) . The single strain DAOMC 250519 was sufficiently distinct from other strains in the section to propose a new species. Penicillium aotearoae and P. diabolicalicense is resolved in the P. melinii clade closely related to P. melinii and P. xanthomelinii.
ITS
ITS performs remarkably well for identification of the seven new species we introduce in section Lanata-Divaricata, with all having unique sequences. BenA and CaM also easily distinguish all species of the section. The concatenated phylogeny resolved P. amphipolaria as a close relative of P. singorense; P. camponotum as closely related to P. subrubescens; while P. tanzanicum, P. bissettii, P. cataractum, P. infrabuccalum and P. panissanguineum resolved in several clades on a poorly supported back bone typically having species with rough walled conidiophores such as P. simplicissimum.
Extrolites
An overview of the extrolites detected during this study and their product ions are summarised in Table 2, while Table 3 summarises the extrolites produced by each species analysed. We also list extrolites produced by each species with their respective descriptions in the taxonomy section.
Six of the Penicillium species studied here produced andrastin metabolites in varying amounts. Penicillium cataractum and P. infrabuccalum were both major producers of andrastin A-D. 
Confirmed by comparison to authentic standard.
P. camponotum also produced andrastin, while only lower levels of andrastin A and C were produced by P. costaricense. There was a correlation between the production of andrastins and a pulvilloric acid related compound. As explained in the Discussion, this compound is either an unreported analogue of pulvilloric acid or the structure of pulvilloric acid has been mischaracterised in the literature. Of all the andrastin producers, only P. camponotum, P. costaricense and P. nucicola did not produce this pulvilloric acid related compound. Penicillium tanzanicum also produced this compound.
Although all P. camponotum strains produced the indole alkaloid marcfortine A and B, their metabolite profiles could be separated into three groups that partly correlated with geographical origin. Penicillium amphipolaria was the only species that produced fumitremorgin compounds. The compounds produced on YES and CYA agar were fumitremorgin A, fumitremorgin C, dihydroxyfumitremorgin C and oxofumitremorgin B. When grown in CYA broth, other uncharacterised fumitremorgins were the extrolites produced. Very few extrolites were detected in cultures of P. diabolicalicense, but the fungal neurotoxin penitrem A was detected.
The two strains of P. bissettii produced significantly different extrolites. DAOMC 167033 produced the myco toxin penicillic acid. DAOMC 167011 produced meleagrin, neoxaline and aurantioclavine along with other uncharacterised metabolites.
TAxonoMy
Penicillium section Aspergilloides - Fig. 1 CYA 25 °C, 7 d: Colonies moderately deep, raised at centre, radially sulcate; margins low, narrow, entire; mycelia white; texture velutinous; sporulation moderately dense, conidia en masse greyish turquoise (24D5-E5); soluble pigments absent; exudates absent; reverse greyish yellow (3B4), pale to yellowish grey (2A2 -B2). MEA 25 °C, 7 d: Colonies low, plane; margins low, wide, irregular; mycelia white; texture velutinous; sporulation moderately dense, conidia en masse greyish turquoise to greyish green (24D4 -E5 -25E5); soluble pigments absent; exudates absent; reverse greyish yellow (2B3), greenish grey to dull green (1B2-29D4). YES 25 °C, 7 d: Colonies moderately deep, radially and concentrically sulcate, crateriform; margins low, narrow, entire; mycelia white; texture velutinous; sporulation moderately dense, conidia en masse greyish turquoise (24D5-E5); soluble pigments absent; exudates absent; reverse greyish yellow (3B6), pale yellow (3A3). OA 25 °C, 7 d: Colonies low, plane; margins low, wide, entire; mycelia white; texture velutinous; sporulation moderately dense, conidia en masse greyish turquoise (24D4-E6); soluble pigments absent; exudates absent. CREA 25 °C, 7 d: Weak growth, acid weakly produced. Conidiophores monoverticillate, sometimes divaricate; stipes smooth, some roughened hyphae present, 40-200(-330) × 2.5-3.5 μm; vesicle 4.5-6.5 μm; branches 13-32.5 μm; phialides ampulliform, (3-)5-12 per stipe, 7.5-10.5 × 2.5-3.5 μm (8.9 ± 0.8 × 3.0 ± 0.2); conidia smooth walled, globose to subglobose, 2.5-3 × 2.5-3 μm (2.8 ± 0.1 × 2.8 ± 0.1), average width/ length = 0.96, n = 43.
Extrolites -citrinin, isofumigaclavine A, isofumigaclavine B. Notes -Phylogenetic analyses resolved P. improvisum, classified in section Aspergilloides, in a unique clade distinct from the 12 clades recognised by Houbraken et al. (2014) (Fig. 1, 2) . Section Aspergilloides species are typically monoverticillate, but some do produce extra subterminal branches as observed in some conidiophores of P. glabrum, P. armarii, P. athertonense and P. bussumense. In addition, more complex patterns occur in P. saturniforme (biverticillate), P. verhagenii (biverticillate and divaricate) and P. ranomafanaense (divaricate). In common with the latter two, P. improvisum produces divaricate conidiophores. However, P. ranomafanaense and P. verhagenii produce rough-walled conidia in contrast to the smooth-walled conidia of P. improvisum. Additionally, P. verhagenii produces larger conidia (3.5-4 µm) than P. improvisum, while P. ranomafanaense has more ellipsoidal conidia in comparison to the globose conidia of the new species.
Penicillium section Canescentia - Fig. 3 Penicillium corvianum Visagie & Seifert, sp. nov CYA 25 °C, 7 d: Colonies moderately deep, radially sulcate, brown to brownish yellow sclerotia present; margins moderately deep, wide, entire; mycelia white; texture floccose; sporulation absent to sparse, conidia en masse dull green (26D4); soluble pigments absent; exudates clear; reverse yellowish white to pale yellow (2A2 -3), orange (5A5). MEA 25 °C, 7 d: Colonies low, plane, creamish to brown sclerotia; margins low, narrow, entire; mycelia white; texture floccose; sporulation absent, sparse in some colonies, conidia en masse dull green (26D4); soluble pigments absent; exudates absent; reverse pale yellow to light orange (4A3 -5A4), orange (6B7) in some colony areas. YES 25 °C, 7 d: Colonies moderately deep, radially and concentrically sulcate, crateriform, brownish sclerotia sparsely produced; margins low, narrow, entire; mycelia white; texture floccose; sporulation absent to sparse, conidia en masse greenish grey (26B2); soluble pigments absent; exudates clear; reverse brownish orange to light brown (5C4 -7C8 -D8), pale yellow to light yellow (4A3 -4). OA 25 °C, 7 d: Colonies low, plane, cream to brown sclerotia produced; margins low, wide, entire; mycelia white; texture floccose; sporulation absent to sparse, conidia en masse greenish grey (26B2); soluble pigments absent; exudates clear. CREA 25 °C, 7 d: Weak growth, acid not produced. Conidiophores on MEA very sparse, monoverticillate, minor proportion biverticillate and also phialides born directly on hyphae, on CYA biverticilllate, sometimes monoverticillate; stipes smooth, (20-)100-400 × 1.5-2.5 μm; metulae divergent, 2-4 per stipe, (7.5-)9.5-15 × 2-3(-3.5) μm; phialides ampulliform, when not monophialidic 3 -8 per metula /stipe, 6 -9 × 2-3 μm (7.3 ± 0.7 × 2.7 ± 0.3); average length metula/phialide 1.6; conidia smooth walled, globose to subglobose, 2 -3 × 2-3 μm (2.1 ± 0.2 × 2.1 ± 0.2), average width /length = 0.96, n = 41. Notes -Penicillium corvianum is classified in section Canescentia. Phylogenies (Fig. 3) resolve it in a larger clade with P. canescens, P. jensenii and P. janczewskii. Colonies of the new species are dominated by the presence of abundant cream to brown sclerotia. Sclerotia in the section are not a common feature and are only known from P. coralligerum and P. novaezeelandiae. However, sclerotia generally do not dominate colony appearance in the latter two species. Also, their conidiophores are consistently symmetrically biverticillate compared to the more diverse range of conidiophore branching observed in P. corvianum. (4A4-B6) . YES 25 °C, 7 d: Co lonies moderately deep, radially and concentrically sulcate; margins low, narrow, entire; mycelia white; texture floccose; sporulation moderately dense, conidia en masse greyish green (26D5 -E5-E6); soluble pigments reddish brown, yellow halo close to colonies, absent sometimes; exudates absent; reverse light yellow (3A5), greyish yellow (4C4). OA 25 °C, 7 d: Colonies low, plane; margins low, wide, entire; mycelia white, yellow; texture floccose; sporulation moderately dense, conidia en masse greyish green (26D5 -E5 -E6); soluble pigments yellow close to colonies, deep green surrounding yellow pigment; exudates absent. CREA 25 °C, 7 d: Weak growth, acid moderately produced. Conidiophores biverticillate; stipes rough, some warted, 180-890 × 2.5-4 μm; metulae divergent, 2-6 per stipe, 10.5-15 × 3-4 μm; phialides ampulliform, 4-10 per metula, 7.5-10.5 × 2.5-3.5 μm (8.9 ± 0.8 × 2.9 ± 0.2); average length metula/ phialide 1.4; conidia rough walled, some finely rough, globose to subglobose, 2.5-3 × 2.5-3 μm (2.8 ± 0.2 × 2.7 ± 0.2), average width/length = 0.97, n = 56. Notes -Classified in section Canescentia, P. nucicola sits on a well-supported branch distinct from all other species (Fig.  3) . Morphologically it resembles P. atrovenetum, P. antarcticum, P. coralligerum, P. novae-zeelandiae and P. herquei (the latter classified in section Sclerotiora). These species commonly produce broad, symmetrical biverticillate conidiophores with bright yellow and green colours often evident in colonies, as observed for P. nucicola on OA (Fig. 12) . However, the restricted growth on MEA (12-14 mm diam) easily distinguishes P. nucicola from all of these morphologically similar species. Penicillium section Charlesia & Stolkia - Fig. 4 Penicillium alogum Visagie, Frisvad & Seifert, sp. nov CYA 25 °C, 7 d: Colonies deep, radially and concentrically sulcate, crateriform in some isolates; margins low, narrow, entire; mycelia white; texture floccose; sporulation sparse to moderately dense, conidia en masse greenish grey to dull green (29D2 -3); soluble pigments absent; exudates absent, after two weeks inconspicuously red present; reverse dull to greyish yellow (3B4-C4), yellowish white (3A2). MEA 25 °C, 7 d: Colonies low, plane, sometimes slightly raised centrally; margins low, wide, entire; mycelia white; texture velutinous; sporulation moderately dense to sparse, conidia en masse greyish green to dark green (29E5-F5), in some a lighter greyish green (29D4); soluble pigments absent; exudates absent, after two weeks inconspicuously red present; reverse greyish green (29E5), pale yellow (2A3), yellowish grey (2B2). YES 25 °C, 7 d: Colonies deep, plane; margins low, narrow, entire; mycelia white, orange white (5A2-6A2); texture floccose; sporulation absent, conidia en masse not determined; soluble pigments absent; exudates absent; reverse greyish orange (5B5), yellowish white (4A2). OA 25 °C, 7 d: Colonies low, plane; margins low, wide, entire; mycelia white; texture velutinous; sporulation moderately dense near centre, conidia en masse greyish green (30E6); soluble pigments absent; exudates absent. CREA 25 °C, 7 d: Weak growth, acid not produced. Conidiophores monoverticillate and divaricate, sometimes solitary phialides present; stipes smooth, inconspicuous greenish brown pigment, 10 -43 × 2 -3 μm; metulae divergent, 2 when present, of unequal length on the same conidiophore, 7-12(-20) × 2 -3 μm; phialides ampulliform, sometimes solitary and elongated to almost acerose, mostly 3 -5 per metula, 5.5-7(-8) × 2.5 -3 μm (6.4 ± 0.5 × 2.7 ± 0.2); average length metula/phialide 1.7; conidia thick walled, finely rough walled, globose, 2.5 -3 × 2.5 -3 μm (2.7 ± 0.1 × 2.7 ± 0.1), average width/length = 0.96, n = 64. Notes -Penicillium alogum belong to section Stolkia and is closely related to P. stolkiae, P. subarcticum, P. boreae, P. pullum and P. canariense (Fig. 4) . These species all produce conidiophores with some brown pigmentation. Penicillium boreae and P. canariense typically produce biverticillate conidiophores, while the others mainly have monoverticillate/simple conidiophore branching patterns. Penicillium pullum produces large, conspicuously rough walled conidia (3.5-4.5 μm) that turn dark with age, which easily distinguish it from P. alogum. On the other hand, P. subarcticum produces bigger conidia than the new species (3-4 μm) (Peterson & Sigler 2002) . From a morphological perspective, P. alogum is most similar to P. stolkiae, having similar colony colours, growth rates and conidiophore branching patterns. However, P. stolkiae produces longer phialides (7-10 μm) and slightly larger conidia (2.8-3.5 µm) fide Pitt (1980 CYA 25 °C, 7 d: Colonies moderately deep, radially sulcate, crateriform; margins low, narrow, entire; my celia white; texture velutinous; sporulation sparse to mode rately dense, conidia en masse greyish turquoise to dull green (25C4 -D3); soluble pigments absent; exudates absent; reverse greyish green to olive (1D4-2D4), yellowish white to pale yellow (3A2-3). MEA 25 °C, 7 d: Colonies low, plane; margins low, wide, entire; mycelia white; texture velutinous; sporulation moderately dense, conidia en masse greyish green to dark green (25E5 -F5); soluble pigments absent; exudates absent; reverse greyish yellow (2B3-C4-3C5). YES 25 °C, 7 d: Colonies moderately deep, radially and concentrically sulcate, crateriform; margins low, narrow, entire; mycelia white; texture velutinous; sporulation sparse to moderately dense, conidia en masse greyish green to dull green (25C4 -D4); soluble pigments absent; exudates absent; reverse olive (2D3-E3), light yellow to dull yellow (3A4-B3). OA 25 °C, 7 d: Colonies low, plane; margins low, narrow, entire; mycelia white; texture velutinous; sporulation moderately dense, conidia en masse greyish green to dark green (25E5-F5); soluble pigments absent; exudates absent. CREA 25 °C, 7 d: Weak growth, acid not produced. Conidiophores monoverticillate; stipes smooth, 50-280 × 2-3 μm; vesicle 4-6.5 μm; phialides ampulliform, 10-20 per stipe, 8.5-11.5 × 2-3.5 μm (9.7 ± 0.7 × 2.7 ± 0.3); conidia smooth walled, subglobose, 2.5-3 × 2-3 μm (2.6 ± 0.1 × 2.4 ± 0.1), average width/length = 0.94, n = 72.
Penicillium nucicola
Extrolites -andrastin A, andrastin C, uncharacterised C 11 H 15 O 3 N. Notes -Penicillium costaricense is known from only the one isolate and forms a subbasal branch distinct from the main body of section Charlesia and P. georgiense, the basal species in the section (Fig. 4) . The new species produces monoverticillate conidiophores, readily distinguished from the biverticillate to divaricate conidiophores of P. georgiense. The same character also distinguishes it from P. charlesii and P. fellutanum. The remaining species, P. coffeae, P. phoeniceum and P. indicum all produce monoverticillate conidiophores. However, P. indicum (20-30 mm diam) and P. phoeniceum (5-8 mm diam) are able to grow on CYA at 37 °C, in contrast to P. costaricense, which does not grow at 37 °C. Microscopically, P. costaricense most closely resembles P. coffeae, but the latter grows much slower on CYA and MEA (11-17 mm, 11-13 mm diam) than the new species. Penicillium section Exilicaulis - Fig. 5, 6 Penicillium aotearoae Visagie & Seifert, sp. nov CYA 25 °C, 7 d: Colonies low to moderately deep, radially and concentrically sulcate; margins low, narrow, entire; mycelia white; texture floccose; sporulation sparse to moderately dense, conidia en masse greyish turquoise to greyish green (24D4 -25D4); soluble pigments absent; exudates clear to absent; reverse brown (6D7), greyish orange (5B6), light yellow (4A5), greyish green (28C4). MEA 25 °C, 7 d: Colonies low, plane; margins low, wide, entire; mycelia white; texture velutinous; sporulation moderately dense, conidia en masse greyish turquoise to greyish green (24D4 -25D4); soluble pigments inconspicuously yellow; exudates absent; reverse dull yellow to olive yellow (3B4-D6). YES 25 °C, 7 d: Colonies deep, radially and concentrically sulcate, crateriform; margins low, narrow, entire; mycelia white; texture floccose; sporulation sparse to moderately dense, conidia en masse greyish green (25B3-C4); soluble pigments inconspicuously yellow; exudates absent; reverse brown (7E7), orange to brownish orange (6B8-C8), yellowish orange (4A6). OA 25 °C, 7 d: Colonies low, plane; margins low, wide, entire; mycelia white; texture velutinous; sporulation sparse to moderately dense, conidia en masse dull green (26E4); soluble pigments absent; exudates absent. CREA 25 °C, 7 d: Strong growth, acid weakly produced. Conidiophores biverticillate, divaricate, some monoverticillate; stipes rough to finely rough, 115 -180 × 2 -3 μm; branches 16.5-46 μm; metulae divergent, 2 -5 per stipe, 9.5 -24 × 2-3 μm; phialides ampulliform, 6 -20 per metula, 6.5 -9 × 2-3 μm (7.5 ± 0.6 × 2.4 ± 0.2); average length metula /phialide 2.1; conidia finely rough walled, globose, 2 -3 × 2 -3 μm (2.5 ± 0.1 × 2.4 ± 0.1), average width /length = 0.96, n = 67. Extrolites -uncharacterised C 19 H 24 O 8 .
Notes -Penicillium aotearoae is classified in section Exilicaulis and is closely related to P. melinii, P. 'fynbos1' (an undescribed species from the fynbos in South Africa, Visagie et al. 2016b ) and P. diabolicalicense described below (Fig.  5, 6 ). The new species can be distinguished from the others based on colony growth rates. It grows more restrictedly than the fynbos species on MEA, but faster on MEA compared to P. melinii, and faster on CYA but more restricted on MEA compared to P. diabolicalicense. Visagie & Seifert, sp. nov. -Myco Bank MB815775; Fig. 16 In: subgenus Aspergilloides, section Exilicaulis.
Penicillium diabolicalicense
ITS barcode: KT887840. Alternative identification markers: BenA = KT887801, CaM = KT887762.
Etymology. Latin, diabolicalicense, meaning Devil's Punchbowl, the origin of type strain -diabolus, diaboli = devil; calix, calicis = drinking bowl. Conidiophores biverticillate, often divaricate; stipes rough, 200 -800 × 2 -3 μm; branches 20 -68 μm; metulae divergent, 2-4 per stipe, unequal length on same conidiophore, 12 -26 × 2 -3 μm; phialides ampulliform, 4 -8 per metula, (5.5-)6.5-8(-9) × 2.5-3 μm (7.2 ± 0.7 × 2.7 ± 0.2); average length metula/phialide 2.1; conidia rough walled, subglobose, minor proportion globose, 2-3 × 2-2.5 μm (2.6 ± 0.2 × 2.5 ± 0.0), average width/length = 0.96, n = 41.
Extrolites -N,N-dimethylrestricticin (CYA), penitrem A (CYA), restricticin.
Notes -Penicillium diabolicalicense is classified in section Exilicaulis and is closely related to P. melinii, P. 'fynbos1' (Visagie et al. 2016b ) and P. aotearoae described above (Fig.  5, 6 ). The new species can easily be distinguished from its close relatives based on its more restricted growth on CYA at 25 °C compared to the fynbos species, faster growth on MEA compared to P. melinii, and growth slower on CYA but faster growth on MEA compared to P. aotearoae. Visagie, David Clark & Seifert, sp. nov. -MycoBank MB815776; Fig. 17 In: subgenus Aspergilloides, section Exilicaulis. dull green to greyish green (25E4-5); soluble pigments absent; exudates absent; reverse olive (3D4), yellowish white (2A2). MEA 25 °C, 7 d: Colonies low, lightly sulcate centrally; margins low, narrow, entire; mycelia white; texture velutinous; sporulation moderately dense, conidia en masse dull green to greyish green (25E4 -5); soluble pigments absent; exudates absent; reverse olive (3E4), greyish yellow (3B4 -C4). YES 25 °C, 7 d: Colonies moderately deep, radially and concentrically sulcate, crateriform; margins low, narrow, entire; mycelia white; texture velutinous; sporulation sparse to moderately dense, conidia en masse greyish green (25B3 -C4); soluble pigments absent; exudates deep yellow, inconspicuous; reverse brownish orange (5C6), light yellow to greyish yellow (4A4 -B5). OA 25 °C, 7 d: Colonies low, plane; margins low, wide, entire; mycelia white; texture velutinous; sporulation sparse to moderately dense, conidia en masse greyish green to dull green (26C3 -D3); soluble pigments absent; exudates absent. CREA 25 °C, 7 d: Strong growth, acid not produced. Conidiophores monoverticillate, biverticillate and divaricate both common, often difficult to distinguish between branches and metulae; stipes smooth, 15 -200(-400) × 2 -2.5 μm; branches 16-30(-47) μm; metulae divergent, 2 -4 per stipe, 16-30 × 2-2.5 μm; phialides ampulliform, 8 -16 per metula, 6-8.5 × 2-2.5 μm (7.4 ± 0.7 × 2.4 ± 0.2); average length metula/phialide 3.3; conidia smooth walled, globose, 2 -3 × 2 -3 μm (2.4 ± 0.2 × 2.4 ± 0.2), average width/length = 0.96, n = 46.
Penicillium fundyense
Extrolites -dehydrohistidyltryptophanyldiketopiperazine, meleagrin, N6-formyl-roquefortine C, neoxaline, oxaline, roquefortine C, roquefortine M.
Notes -Penicillium fundyense is classified in section Exilicaulis, with phylogenies resolving it in a clade with P. cinerascens, P. citreonigrum and P. citreosulfuratum. The species of this complex are almost impossible to distinguish morphologically, but chemically they represent distinct species, which resulted in Visagie et al. (2016b) suggesting the use of ITS and BenA sequences for identifications of strains in this clade. This approach is followed here, because P. fundyense shows only minor morphological differences from its close relatives, but is phylogenetically distinct from the other three.
Penicillium section Lanata-Divaricata - Fig. 7, 8 Penicillium amphipolaria Visagie, Malloch & Seifert, sp. nov. -MycoBank MB815777; Fig. 18 In: subgenus Aspergilloides, section Lanata-Divaricata.
ITS barcode: KT887872. Alternative identification markers: BenA = KT887833, CaM = KT887794.
Etymology. Latin, amphipolaria, meaning both poles, named to indicate the origin of the two strains on opposite sides of the Earth, close to the north and south poles. CYA 25 °C, 7 d: Colonies moderately deep, radially sulcate; margins low, wide, entire; mycelia white, inconspicuously yellow; texture floccose; sporulation very sparse, moderate in the ex-type, conidia en masse dull green (26D4) in the ex-type; soluble pigments absent; exudates clear to absent; reverse greyish yellow to olive brown (4C6 -D6), light yellow (2A4), pale yellow (3A3) in DAOMC 250550. MEA 25 °C, 7 d: Colonies low, plane; margins low, wide, entire; mycelia white; texture floccose and velutinous; sporulation moderately dense, conidia en masse dull green (26D3 -4); soluble pigments deep yellow, absent in DAOMC 250550; exudates absent; reverse yellow to olive yellow (3B6-C6), greenish grey (1B2) in KAS1396. YES 25 °C, 7 d: Colonies moderately deep, radially and concentrically sulcate, raised at centre; margins low, wide, entire; mycelia white, inconspicuously yellow; texture floccose; sporulation very sparse, moderately dense in the ex-type, conidia en masse greenish grey to dull green (26B3-D4); soluble pigments absent; exudates absent; reverse greyish yellow to olive brown (4C6-D6), light yellow (2A4), pale yellow (3A3) in DAOMC 250550. OA 25 °C, 7 d: Colonies low, plane; margins low, wide, entire; mycelia white; texture floccose and velutinous; sporulation moderately dense, conidia en masse greenish white to dull green (26B2-D3-E3); soluble pigments yellow, absent in DAOMC 250550; exudates absent. CREA 25 °C, 7 d: Strong growth, acid moderately produced. Conidiophores biverticillate and divaricate, minor proportion monoverticillate; stipes smooth, 240-460 × 2-2.5 μm; branches 12-42 μm; metulae divergent, 2-4 per stipe, 9.5-21 × 2-3 μm; phialides ampulliform, 3-6 per metula, 6.5-10 × 2-3 μm (7.4 ± 0.8 × 2.5 ± 0.8); average length metula/phialide 2.1; conidia smooth walled, mainly broadly ellipsoidal, some globose, 2-3 × 2-2.5 μm (2.4 ± 0.1 × 2.2 ± 0.1), average width/ length = 0.9, n = 78.
Extrolites -fumitremorgin B, fusaperazine E, fusaperazine related (C 20 
Notes -Penicillium amphipolaria is classified in section
Lanata-Divaricata and is a close relative of P. singorense (Fig.  7, 8) . The new species can easily be distinguished from its close relatives by its poor growth on CYA at 37 °C, in contrast to the strong growth of P. singorense (40-43 mm diam) (Visagie et al. 2014a ). Also, P. amphipolaria has a more complex conidiophore branching pattern compared to the generally simple conidiophores of P. singorense (Visagie et al. 2014a ). Visagie & Seifert, sp. nov. -MycoBank MB815778; Fig. 19 In: subgenus Aspergilloides, section Lanata-Divaricata.
Penicillium bissettii
ITS barcode: KT887845. Alternative identification markers: BenA = KT887806, CaM = KT887767.
Etymology. Latin, bissettii, named after John Bissett, recently retired mycologist, AAFC Ottawa, who collected and isolated the strains, in honour of his contributions to soil fungus ecology. CYA 25 °C, 7 d: Colonies moderately deep, radially sulcate; margins low, wide, entire; mycelia white; texture floccose; sporulation moderately dense, sparse in DAOMC 167033, conidia en masse greyish green to dull green (26C3 -D4), greenish grey (26B2); soluble pigments absent; exudates absent; reverse brown to dark brown (7E6-F6), yellowish white to greyish yellow (4A2-B4). MEA 25 °C, 7 d: Colonies low, plane, pinkish red underneath mycelial and sporulating areas; margins low, wide, entire; mycelia white, red submerged in media; texture floccose and velutinous; sporulation absent, sparse in some colonies, conidia en masse greyish green to dull green (26D4 -E5), greenish grey (26B2); soluble pigments absent; exudates absent; reverse greyish red to reddish brown (8B6 -D6). YES 25 °C, 7 d: Colonies moderately deep, radially and concentrically sulcate, some strains sporulating in concentrical rings; margins low, wide, entire; mycelia white; texture floccose; sporulation moderately dense, absent in some strains, conidia en masse dull green (26D4-E4), greenish white (26B2); soluble pigments absent; exudates absent; reverse brownish orange (6C5), light yellow to greyish yellow (4A3 -B5). OA 25 °C, 7 d: Colonies low, plane; margins low, wide, entire; mycelia white; texture velutinous and floccose; sporulation sparse, conidia en masse greenish grey to greyish green (26B2 -3) ; soluble pigments pink, absent in DAOMC 167033; exudates absent. CREA 25 °C, 7 d: Weak growth, acid not produced. Conidiophores biverticillate, terverticillate, minor proportion divaricate; stipes rough, 190-670 × 2.5-3.5 μm; branches 14-25 μm; metulae divergent, 3 -4 per stipe or branch, 11-15.5 × 2.5-3.5 μm; phialides ampulliform, 3 -6 per metula, 6.5-9 × 2.5-3 μm (7.5 ± 0.7 × 2.6 ± 0.2); average length metula/phialide 1.8; conidia smooth walled, globose to subglobose, 2 -3 × 2-3 μm (2.6 ± 0.2 × 2.4 ± 0.1), average width/length = 0.92, n = 72.
Extrolites -DAOMC 167033: penicillic acid, uncharacterised C 14 H 19 O 4 N. DAOMC 167011: aurantioclavine, dehydrohistidyltryptophanyldiketopiperazine, glandicoline B, meleagrin, oxalicine B, roquefortine C, roquefortine M, roquefortine N. Notes -Penicillium bissettii is classified in section LanataDivaricata in a clade distantly related to all other species in the section. The multigene phylogeny places it closest to P. vasconiae and P. annulatum (Fig. 7, 8 ), but on a poorly supported backbone. Penicillium bissettii and P. vasconiae share the production of red mycelia submerged in the media (Ramírez & Martinez 1980) . However, P. vasconiae has smooth walled conidiophores, in comparison with the roughened conidiophores of the new species. Penicillium annulatum grows well on CYA at 37 °C in contrast to P. bissettii, which does not grow at this temperature. Visagie, David Clark & Seifert, sp. nov. -MycoBank MB815779; Fig. 20 In: subgenus Aspergilloides, section Lanata-Divaricata.
Penicillium camponotum
ITS barcode: KT887855. Alternative identification markers: BenA = KT887816, CaM = KT887777.
Etymology. Latin, camponotum , named in relation to genus of Carpenter ants that the species was isolated from. Notes -Penicillium camponotum is classified in section Lanata-Divaricata as a close relative to P. subrubescens (Fig.  7, 8) . However, the new species produces weak acid on CREA, which is absent in P. subrubescens (Mansouri et al. 2013 ). Also, P. camponotum has larger globose conidia compared to the smaller subglobose to broadly ellipsoidal conidia of P. subrubescens. Visagie, Malloch & Seifert, sp. nov. -MycoBank MB815780; Fig. 21 In: subgenus Aspergilloides, section Lanata-Divaricata. exudates absent; reverse greyish yellow to greyish orange (4B4-5B4), pale yellow (4A2), yellowish grey (4B2). YES 25 °C, 7 d: Colonies moderately deep, radially and concentrically sulcate, raised at centre; margins low, wide, entire; mycelia white; texture floccose; sporulation moderately dense, conidia en masse greyish green to dull green (25C4 -E5 ); soluble pigments absent; exudates absent; reverse greyish yellow (4B5), pale yellow to light yellow (4A3-4). OA 25 °C, 7 d: Colonies low, plane, orange colour in some isolates underneath sporulation; margins low, wide, entire; mycelia white; texture floccose and velutinous; sporulation sparse to moderately dense, conidia en masse dull green (26D4 -E4); soluble pigments absent; exudates absent. CREA 25 °C, 7 d: Moderate growth, acid strongly produced. Conidiophores biverticillate, terverticillate, minor proportion divaricate; stipes rough, (120 -)200 -650 × 3 -4 μm; branches 13-30 μm; metulae divergent, 2 -5 per stipe or branch, 11-20 × 3-4 μm; phialides ampulliform, 5 -10 per metula, 8 -10.5 × 3-3.5 μm (9.5 ± 0.7 × 3.1 ± 0.2); average length metula/phialide 1.4; conidia rough walled, globose to minor proportion broadly ellipsoidal, 3 -3.5 × 3 -3.5 μm (3.3 ± 0.1 × 3.3 ± 0.1), average width/length = 0.95, n = 60.
Penicillium cataractum
Extrolites Notes -Penicillium cataractum belongs to section LanataDivaricata and is a close relative of P. mariae-crucis and the new species P. infrabuccalum (Fig. 7, 8) . Penicillium mariaecrucis produces sclerotia and reddish brown colonies, which are absent in both of the closely related new species. Penicillium cataractum has more restricted growth on MEA and has larger conidia than P. infrabuccalum. Visagie, David Clark & Seifert, sp. nov. -MycoBank MB815782; Fig. 22 In: subgenus Aspergilloides, section Lanata-Divaricata.
Penicillium infrabuccalum
ITS barcode: KT887856. Alternative identification markers: BenA = KT887817, CaM = KT887778.
Etymology. Latin, infrabuccalum, meaning from infrabuccal pockets of the Carpenter ant Camponotus pennsylvanicus, the niche of this fungus. CYA 25 °C, 7 d: Colonies moderately deep, radially sulcate; margins low, wide, entire; mycelia white; texture floccose; sporulation sparse to moderately dense, conidia en masse dull green (26E4 -27E3 -4), greenish white (25A2); soluble pigments absent; exudates clear; reverse greyish orange (5B3), greyish yellow (4B3), pale yellow (3A2). MEA 25 °C, 7 d: Colonies low to moderately deep, plane; margins low, narrow, irregular; mycelia white; texture floccose; sporulation moderately dense to dense, conidia en masse dull green (26D3 -27D3 -4); soluble pigments absent; exudates absent; reverse greenish white (30A2), greenish grey to greyish green (30B2 -3). YES 25 °C, 7 d: Colonies moderately deep, radially and concentrically sulcate; margins low, wide, entire; mycelia white; texture floccose; sporulation sparse to moderately dense, conidia en masse greyish green (25B3-4-26B3-4); soluble pigments absent; exudates absent; reverse brownish orange (5C6), greyish yellow to greyish orange (4C3-5C3). OA 25 °C, 7 d: Colonies low, plane; margins low, wide, irregular; mycelia white; texture floccose; sporulation moderately dense, conidia en masse greyish green to dull green (26C3 -D4); soluble pigments absent; exudates absent. CREA 25 °C, 7 d: Weak growth, acid not produced. Conidiophores biverticillate, terverticillate, minor proportion divaricate; stipes rough, 210-640 × 2-3 μm; branches 20-30(-48) μm; metulae divergent, 2-5 per stipe or branch, 10-19 × 2.5-3.5 μm; phialides ampulliform, 5-10 per metula, 7.5-9.5 × 2-3 μm (8.3 ± 0.5 × 2.4 ± 0.2); average length metula/phia lide 1.5; conidia finely rough walled, subglobose to broadly ellipsoidal, 2.5-3 × 2-3 μm (2.7 ± 0.2 × 2.4 ± 0.1), average width/ length = 0.89, n = 49.
Extrolites -andrastin A, andrastin B, andrastin C, andrastin D, oxalicine A, oxalicine B, pulvilloric acid. Notes -Penicillium infrabuccalum is classified in section Lanata-Divaricata. The single gene phylogenies resolved it in a clade with P. mariae-crucis and the new species P. cataractum (Fig. 7, 8 ). However, P. mariae-crucis produces sclerotia and reddish brown colonies, which are absent in both of the closely related new species. Penicillium infrabuccalum grows faster on MEA and has smaller conidia than P. cataractum. Visagie, Ketch & Seifert, sp. nov. -MycoBank MB815783; Fig. 23 In: subgenus Aspergilloides, section Lanata-Divaricata.
Penicillium panissanguineum
ITS barcode: KT887862. Alternative identification markers: BenA = KT887823, CaM = KT887784.
Etymology. Latin, panissanguineum, meaning blood of a chimpanzee, named in relation to chimpanzees that ate the soil from where strains were isolated and the red colony reverse on MEA.
Type specimen. tanZanIa, Kigoma region, soil related with termite mounds, Oct. 1996, coll. M.A. Huffman, isol. L. Ketch (holotype DAOM 695771 , culture ex-type DAOMC 250562 = CBS 140989 = W 93 = KAS 2209).
Colony morphology - Colony diam, 7 d, CYA 37 °C no growth; CYA 25 °C, 7 d: Colonies moderately deep, radially sulcate; margins low, wide, entire; mycelia white; texture floccose; sporulation moderately dense, conidia en masse greyish green to dull green (26C3-D4), greenish grey (26B2); soluble pigments absent; exudates absent; reverse brown to dark brown (7E6-F6), yellowish white to greyish yellow (4A2-B4). MEA 25 °C, 7 d: Colonies low, plane, pinkish red underneath mycelial and sporulating areas; margins low, wide, irregular; mycelia white; texture floccose and velutinous; sporulation moderately dense, conidia en masse greyish green to dull green (26D4 -E5), greenish grey (26B2); soluble pigments pink; exudates absent; reverse greyish red to deep red (10B5-C8). YES 25 °C, 7 d: Colonies moderately deep, radially and concentrically sulcate, raised at centre; margins low, wide, entire; mycelia white, pinkish areas present; texture floccose; sporulation very sparse, conidia en masse light grey; soluble pigments absent; exudates absent; reverse greyish red to red (10B5-7), pale yellow (4A3). OA 25 °C, 7 d: Colonies low, plane; margins low, wide, entire; mycelia white; texture floccose; sporulation moderately dense, conidia en masse greenish white to dull green (26B2-D3-E3); soluble pigments pink and absent; exudates absent. CREA 25 °C, 7 d: Weak growth, acid not produced. Conidiophores biverticillate, minor proportion terverticillate and divaricate, solitary phialides sometimes present; stipes rough, 200 -730 × 2 -2.5 μm; branches 19.5 -34 μm; metulae divergent, 2 -4 per stipe or branch,10 -16.5(-21) × 2.5-3 μm; phialides ampulliform, 3 -7 per metula, 6.5 -10 × 2.5 -3.5 μm (8.2 ± 0.8 × 2.8 ± 0.2); average length metula/phialide 1.6; conidia smooth walled, globose to broadly ellipsoidal, 2.5-3.5 × 2.5-3.5 μm (3.1 ± 0.2 × 3 ± 0.1), average width /length = 0.95, n = 76.
Extrolites -andrastin A, andrastin B, andrastin C, andrastin D, pulvilloric acid. Notes -Penicillium panissanguineum is classified in section Lanata-Divaricata and is in a clade of species that typically produce rough-walled conidiophores, such as P. simplicissimum. However, the inability of the new species to grow on CYA at 37 °C and its bright red colony reverse colour on MEA distinguish it from all other species in this clade. CYA 25 °C, 7 d: Colonies moderately deep, radially sulcate; margins low, wide, entire; mycelia white, inconspicuously yellowish grey; texture floccose; sporulation sparse, conidia en masse greenish grey (27B2 -D2); soluble pigments absent; exudates absent; reverse brownish orange (6C4 -7C4), yellowish white to orange white (4A2 -5A2). MEA 25 °C, 7 d: Colonies low, plane, yellow to greyish yellow colour due to abundant sclerotia dominating colony appearance; margins low, wide, entire; mycelia white, inconspicuously yellow; texture floccose; sporulation absent to very sparse, conidia en masse indeterminable; soluble pigments absent; exudates absent; reverse yellowish brown (5D5), pale yellow to greyish yellow (4A2-B3-5). YES 25 °C, 7 d: Colonies moderately deep, radially and concentrically sulcate, raised at centre; margins low, wide, entire; mycelia white; texture floccose; sporulation very sparse, conidia en masse not determined; soluble pigments absent; exudates absent; reverse yellowish brown (5D5), pale yellow to greyish yellow (4A2 -B3 -5). OA 25 °C, 7 d: Colonies low, plane, yellow to greyish yellow colour due to abundant sclerotia; margins low, wide, entire; mycelia white, inconspicuously yellow; texture floccose; sporulation very sparse, conidia en masse not determined; soluble pigments absent; exudates absent. CREA 25 °C, 7 d: Weak growth, acid not produced. Conidiophores biverticillate, divaricate; stipes rough, (80-)200-875 × 2.5-3.5 μm; branches 12.5-13.5; metulae divergent, 2-4 per stipe, unequal length on same conidiophore, 11.5-26 × 2.5-3.5 μm; phialides ampulliform, 4 -8 per metula, 8-11 × 2.5-3.5 μm (9.5 ± 0.0.7 × 3.0 ± 0.3); average length metula/ phialide 1.9; conidia rough walled, some finely rough, globose to subglobose, often pointed on one side with connective still visible, 2.5-3.5 × 2.5-3.5 μm (3.1 ± 0.2 × 3.0 ± 0.1), average width/length = 0.96, n = 55; sclerotia 33-105 × 32-96 μm.
Penicillium tanzanicum
Extrolites -bisdechlorogeodin, fiscalin A, fiscalin C, pulvilloric acid.
Additional material examined. tanZanIa, Kigoma region, soil related with termite mounds, Oct. 1996 , coll. M.A. Huffman, isol. L. Ketch, cultures DAOMC 250515 (= CBS 140969 = 51.92 = KAS 1947 , DAOMC 250516 (= CBS 140990 = 50.11 = KAS 2256).
Notes -Penicillium tanzanicum is classified in section Lanata-Divaricata. The phylogeny assigns it to a clade of species typically having roughened conidiophores, i.e. P. simplicissimum, P. araracuaraense and P. wotroi (Fig. 7, 8) . Penicillium tanzanicum does not grow on CYA at 37 °C, in contrast with P. wotroi and P. simplicissimum, which grow at 37 °C. It should be noted that this character has been considered unstable for delineating species in the P. simplicissimum complex (Pitt 1980 , Houbraken et al. 2011b ). Additionally, P. tanzanicum also grows more restrictedly than P. simplicissimum. Penicillium araracuaraense produces a weak acid on CREA, whereas acid production is absent in P. tanzanicum. The main character distinguishing the new species from all three of its close relatives, is the abundant yellowish sclerotia on MEA, which are absent in close relatives.
dISCuSSIon
Penicillium species are reported often in ecological surveys. If identified to the species rank, they are usually determined using micromorphological and colony characters. Although there are some recent comprehensive monographs of some subgenera or sections of Penicillium (Frisvad & Samson 2004 , Houbraken et al. 2011a , b, 2014 , Visagie et al. 2013 , 2016a , b, Peterson et al. 2015 , the available generic monographs are now 35 years out of date and the species concepts employed were biased heavily towards isolates from food or other niches of particular interest to humans. Species with apparently diverse ecologies, such as e.g. P. citrinum (according to Pitt 1980 one of the most common eukaryotes on Earth), P. glabrum, P. janthinellum and P. simplicissimum, incorporate great phenotypic diversity. Variability in growth, form and ecology made reliable identification of new isolates very difficult. The consequence is that before the development of a standardised molecular approach and extrolite profiling, species with more restricted ecological niches that do not intrude on the human economy tended to be lumped into other species, their unique genetic or biochemical status unrecognised. Many of the strains described as new in this paper were identified originally as known species using micromorphology before molecular data indicated the significance of some of the deviating or inconspicuous characters.
There is increasing evidence of ecological specialisation in Penicillium. Several of the new species described in this paper come from studies of esoteric ecological niches, such as soil eaten by chimpanzees, infrabuccal cavities of carpenter ants, caterpillar intestines, nuts in temperate forests, or leaf surfaces in tropical rain forests. It seems likely that several of our new species are actual functional components and not incidental contaminants of the ecosystem samples. There was no particular effort to target Penicillium specifically in most of these studies, so the strains were isolated among other fungi at differing frequencies. The Tanzanian soil eaten by chimpanzees, for example, yielded a broad diversity of hyphomycetes, including many Penicillium species that were a significant part of the mycota (Ketch 1998) . Even though it is likely that some penicillia are actually true soil fungi or associates of roots, we speculate that many species have other primary habitats where they may perform various functions, similar to the close association that a number of subgenus Penicillium species have with food related products (Frisvad & Samson 2004 ) such as grains, dairy products or fruits. This may explain why it is often difficult to obtain numerous strains of one species when making isolations from soil.
Previous studies hint at possible interactions between Penicillium and insect hosts or habitats. Penicillium brocae has a very close association with coffee-berry borers (Peterson et al. 2003) while P. mallochii and P. guanacastense are known only from the intestines of Costa Rican caterpillars (Rivera et al. 2012) . Penicillium herquei and the leave-rolling weevil (Euops chinensis) have a close association (Kobayashi et al. 2008 , Li et al. 2012 , and mites are suspected dispersal vectors for some Penicillium species in Protea repens infructescences (Visagie 2012) . The dominant fungi in buccal cavities of carpenter ants were species of Mortierella (Clark 2002 ), but our new species P. camponotum seems to be a consistent inhabitant of this niche, and occurred in both Canada and Germany. The other two species, P. infrabuccalum with two isolates and P. fundyense with one, are known only from this niche but with so few strains available, it is difficult to interpret the significance of the association.
Whatever the actual ecological roles of the species described in this paper, it seems likely that the extrolites they produce will have crucial ecological functions. From the 15 species described here, 36 known extrolites were identified and 11 uncharacterised compounds detected (Table 3) . As shown repeatedly in Penicillium, extrolite profiling is a valuable addition to morphological characterisation and gene comparisons for species delimitation (e.g. , Sonjak et al. 2007 , Tuthill et al. 2001 , although chemotaxonomic comparisons with close relatives were not possible for most of our new species because of the lack of data for sister species. Among the species we studied, P. diabolicalicense, P. improvisum, P. alogum and P. aotearoae produced unique, previously unknown extrolites. Isofumigaclavine A and citrinin were extrolites of P. improvisum. Restricticins are broad spectrum antifungal polyenes previously only identified in cultures of P. restrictum (Hensens et al. 1991 , Schwartz et al. 1991 and Penicillium sp. NR6564 (Matsukuma et al. 1992) . Penicillium diabolicalicense also produces these compounds, but the less active N,N-dimethylrestricticin occurred in greater concentrations. In this study, P. diabolicalicense (section Exilicaulis) was the only producer of the neurotoxin penitrem A (on CYA), which is otherwise well-known among species of subgenus Penicillium. Penicillium alogum and P. aotearoae produced uncharacterised extrolites of formula C 21 H 28 O 8 and C 19 H 24 O 8 , respectively. Penicillium amphipolaria was the only producer of fusaperazine E, fumitremorgin B and several related, uncharacterised metabolites. Andrastins were the extrolites of P. nucicola, P. cataractum, P. infrabuccalum, P. panissanguineum and some P. camponotum. Despite these similarities, all species produced unique combinations of additional extrolites (Table 3) .
Infraspecific variation of extrolite production was observed for P. camponotum, P. cataractum and P. bissettii. All strains of P. camponotum produced marcfortine A and marcfortine B, yet the predominant extrolites produced by Canadian and German strains differed significantly. The seven Canadian strains isolated in New Brunswick from carpenter ants (Camponotus pennsylvanicus) produced an uncharacterised compound of formula C 15 H 22 O 2 that was absent in the German strains isolated from Camponotus herculeanus, which produced andrastin A. The greatest infraspecific variation of extrolites occurred within strains of P. bissettii, both of which were isolated from soil samples collected from a spruce forest in Quebec, Canada on the same date. DAOMC 167011 produced high amounts of meleagrin and aurantioclavine in all three growth media tested whereas these extrolites were absent in DAOMC 167033, which produced penicillic acid. Pulvilloric acid (C 15 H 18 O 5 ) was first identified in cultures of P. pulvillorum (Brian et al. 1957) , and its structure was elucidated (Barber et al. 1986 , Barret et al. 1969 , McOmie et al. 1966 following isolation under acidic conditions (pH = 1). Recently, pulvilloric acid was identified in the related P. wotroi and P. araracuaraense (Houbraken et al. 2011b ). Using LC-high resolution mass spectrometry (LC-HRMS) in negative ionization mode, we've identified a similar compound of chemical formula C 15 H 20 O 6 (m/z 295.1186) as an extrolite of P. panissanguineum, P. cataractum, P. infrabuccalum and P. tanzanicum. An isochroman similar to pulvilloric acid, with an identical chemical formula to that reported in this study, was characterised in cultures of the phylogenetically related species P. simplicissimum and patented as an amyloid aggregation inhibitor (Hirai et al. 2001 ). Interestingly, when these strains were screened by positive mode LC-HRMS, the m/z of the major peak was 279.1226, which corresponds to the chemical formula of pulvilloric acid (C 15 H 18 O 5 ) (Fig. 9) . The LC conditions were adjusted to ensure that the two contradictory signals observed in positive and negative ionization modes were indeed from the same compound. Non-aqueous extraction solutions were also used to determine if the extraction method was causing an undesired chemical reaction. We determined that during ionization in positive mode, protonation of this compound causes it to immediately dissociate by neutral loss of water, producing a [C 15 H 18 O 5 +H] + product ion that can be mistaken as the molecular ion. This is a charge-directed fragmentation phenomenon known to occur when the protonated, gas-phase ion is highly unstable (Renaud et al. 2013) . In negative mode ionization, the molecular charge is obtained through the deprotonation of the carboxylic acid and the compound does not undergo extensive in-source fragmentation, exemplifying the benefits of LC-MS screening with both polarities. Our results suggest that 'pulvilloric acid' which was previously identified in cultures of P. wotroi and P. araracuaraense and quite possibly P. pulvillorum itself, is not the structure as it exists on artificial solid and liquid growth media; it is the patented isochroman isolated from cultures of P. simplicissimum. The originally reported pulvilloric acid structure is known to be unstable and require careful extraction and work-up methodology, to avoid rearrangement and decomposition reactions from occurring during isolation (Tanenbaum & Nakajima 1969) . Therefore, it is reasonable to believe that the two structures could be inter-convertible due to an increased stability of the molecule provided by the aromatisation of the originally proposed structure of pulvilloric acid to its isochroman. However, the true form of pulvilloric acid within the natural environments of its producers remains unknown. In solid and liquid growth media, the formula of this extrolite is C 15 H 20 O 6 and we will simply maintain the name of pulvilloric acid. and the US National Science Foundation (NSF) to R. Greg Thorn, from NSF to Daniel H. Janzen and from CR-USA to Costa Rican parataxonomists at the Area de Conservación Guanacaste who collected and reared the caterpillar host of P. costaricense and isolated and sent the fungi to the Thorn lab in London, Ontario. We are grateful to the Molecular Microbiology Technology Laboratory group at ORDC for their support with DNA sequencing.
